Fusion of atlas with the occipital bone is a rare congenital anomaly known as occipitocervical synostosis, occipitalization of atlas, assimilation of atlas or atlanto-occipital fusion. We describe two cases of occipitocervical synostosis identified amongst one-hundred dry adult human occipital bones from the collection of Ege University, School of Medicine, Department of Anatomy (incidence 0.5%). The synostosis was complete type for both cases. Occipitocervical synostosis is clinically important as it may cause narrowing of foramen magnum which may compress the brainstem, vertebral artery and cranial nerves, and during surgical approaches to the craniovertebral region.
Introduction
Synostosis or fusion of atlas with occipital bone is a rare congenital malformation at the craniovertebral junction known as occipitocervical synostosis, occipitalization of the atlas, or atlanto-occipital fusion, [1] first described by Rokitansky in 1884. [2] During the first week of intrauterine life, the atlas partially or totally fuses with the occipital bone due to failure in segmentation and separation of the most caudal occipital sclerotome and the first cervical sclerotome. [3] Occipitocervical synostosis may be associated with other skeletal malformations such as spina bifida of atlas, occipital vertebra, basilar invagination, Klippel-Feil syndrome (fusion of the second and third cervical vertebrae), Arnold-Chiari I malformation and cervical stenosis. [4] Patients with occipitocervical synostosis do not develop symptoms until the second decade of life.
Occipitocervical synostosis is usually asymptomatic, incidentally found during radiological and operative procedures or during autopsy. When present, symptoms vary from simple headache to a full-blown neurological syndrome, and develop gradually with aging due to an increase in ligamentous laxity and instability. [5] Neurological complications can be due to compression of the spinal cord, spinal nerves and vessels, causing occipital headache, neck pain, numbness and pain in the limbs, weakness and abnormal head posture. [6] [7] [8] Cranial nerve compression may lead to tinnitus, visual disturbances, and lower cranial nerve palsies leading to dysphagia and dysarthria. [8] Anomalies in the craniovertebral junction area are important due to the localization of the vertebral artery and first cervical nerve on the superior aspect of the atlas. Compression of the vertebral artery can cause a decrease in the brain blood flow; similarly, compression of the first cervical nerve can cause neurological symptoms. [9] Arnold-Chiari I syndrome is a downward displacement of the cerebellar tonsils through the foramen magnum (the opening at the base of the skull; FM) due to the obstruction of cerebrospinal fluid outflow. Similar to occipitocervical synostosis, this also leads to a compression of the spinal cord, spinal nerves and vessels, making the neurological symptoms and signs for both indistinct. [10, 11] Patients with occipitocervical synostosis can have the tonic-clonic seizures observed in Arnold-Chiari I. [8, 10] Occipitocervical synostosis has also been reported in animals such as the horse, dog and sheep. [12] [13] [14] Occipitocervical synostosis can be complete or incomplete (partial). In the complete type, there is complete fusion of the atlas with the occipital bone, whereas in the incomplete type there are osseous bridges between the atlas and the occipital bone. Complete synostosis is
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Case Report
During morphometric analysis of one hundred dry human adult skulls from the collection of Ege University School of Medicine, Department of Anatomy, two occipitocervical synostosis cases were identified (incidence 0.5%); the occipitalization was complete for both cases. Asymmetry was observed in the size of the inferior articular facet (IAF) of the atlas. The left side of the IAF had a protrusion in both cases (Figures 1a and b) . A cleft was observed between the anterior arch of the atlas and the occipital bone (Figure 1a) . 
Discussion
Occipitocervical synostosis ranges from complete incorporation of the atlas into the occiput to discrete osseous bridges between the two. [15] Tubbs et al. [16] stated that occipitocervical synostosis is normally congenital, but in rare cases it may be a result of osteomyelitis, arthritis, syphilis or tuberculosis.
The incidence of occipitocervical synostosis has been reported as 0.67% by Jadhav et al., [5] 1% by Mudaliar et al., [1] 2% by Nimje and Wankhede, [17] 3.63% by Kassim et al., [18] and 2% by Gopal et al. [19] In our study, the incidence is 0.5%. Gopal et al. [19] observed 20 cases with occipitocervical synostosis. In all their cases, superior articular facets were fused with the occipital condyles. Partial fusion (left half) of anterior arch of atlas with the basal part of occipital bone was found in one specimen (5%) and in 10% there was complete fusion. In two (10%) skulls the poste- rior arch fused with the occipital bone. Bilateral fusion of the transverse process with occipital bone was noted in two (10%) specimens. Bilateral incomplete foramen transversarium was found in one skull (5%), and in 2 skulls (10%) the transverse process was noted without the foramen transversarium bilaterally.
Mudaliar et al. [1] classified four types of occipitocervical synostosis based on the zones of atlas fused with occiput: Zone 1 with fusion of the anterior arch of atlas in front of the lateral masses (20% in their series), Zone 2 with fusion involving primarily the lateral processes (17%), Zone 3 with fusion involving the posterior arch of atlas behind the lateral masses (13%), and Zone 4 as combinations of all zones (50%). In majority of cases, the fusion is between the anterior arch of the atlas and the anterior margin of FM. In this study, the two cases belonged to the category of Zone 4 in Mudalier's classification. Nayak et al. [20] described a skull in which the lateral masses of the atlas were fused completely with the occipital condyles, and the anterior arch was fused with the basilar part of the occipital bone. The hypoglossal canals were absent. As in our case, a cleft was found between the anterior arch of the atlas and the basilar part of the occipital bone. The posterior arch fused with the squama of the occipital bone with some perforations. The vertebral artery passage to the cranial cavity was very narrow.
Jayanthi et al. [12] reported two cases of occipitocervical synostosis with spina bifida of atlas. In the first case, there was a complete fusion of only one of the lateral masses of the atlas with the occipital bone and the anterior arch fused incompletely. In the second case, the anterior arch of the atlas fused with the occipital bone. The second case was with unilateral fusion of the lateral mass with the occipital bone along with the partial anterior arch fusion with the basilar part of occipital bone in one skull and complete anterior arch fusion in other. [12] Caspersen et al. [21] stated that occipitocervical synostosis may be associated with a small FM and deviant shape of the posterior cranial fossa. Craniofacial morphology in the vertical and sagittal dimensions including the cranial base is normal in skulls with occipitocervical synostosis. This indicates that occipitalization is associated with the surrounding bone structures and not with deviations in craniofacial morphology.
Bose and Shrivastava [22] presented a rare case of incomplete fusion of the atlanto-occipital joint. In their case, there was partial fusion of the incomplete bony ring of the atlas to the base of occipital bone. Important findings included a narrowing of foramen magnum, total fusion of lateral masses, anterior and posterior arches being partially fused on the left side, completely fused on the right side, a divided foramen found on the right side possibly for the vertebral artery and the first cervical nerve. The IAFs were asymmetric with different sizes.
Occipitocervical synostosis is clinically important as it may cause narrowing of FM which may compress the brainstem, vertebral artery and cranial nerves, and lead to difficulties during surgical approaches to the craniovertebral region. A variety of symptoms occur such as cervical pain and convulsions. [12, [23] [24] [25] [26] [27] Vakili et al. [28] reported a sudden death case due to occipitocervical synostosis. In neurological examination of occipitocervical synostosis, the patient may show clinical symptoms such as headache, neck pain, numbness and pain in the limbs, weakness, abnormal head posture, posteriorly located dull aching headache. According to McRae and Barnum, [29] patients with occipitocervical synostosis may have physical features such as low hairline, torticollis, restricted neck movements and /or abnormal short neck.
Iwata et al. [30] reported a case of atlanto-occipital fusion with unusual neurological symptoms. His patient had atlanto-occipital occipitalization accompanied with atlanto-axial instability causing anterior shifting of the atlas during certain movements. His neurological symptoms resembled those caused by tumors in the region of FM. They concluded that the symptoms resulted from myelomalacia caused by discontinuous compression of the spinal cord by the posterior edge of the assimilated atlas. They observed worsening of the symptoms with slight neck extension and maximal mouth opening.
Conclusion
Occipitocervical synostosis is clinically significant as it may cause narrowing of foramen magnum which may compress the brainstem, vertebral artery and cranial nerves. It should be noted that this pathology may cause a wide range of clinical features, and neurosurgeons, orthopedic surgeons, radiologists and anesthesiologists should be aware during their interventions.
